Abstract Aims-To investigate the effect of tissue preparation on immunostaining and to establish whether there is a standard tissue preparation schedule that allows optimal demonstration of all antigens. Methods-Blocks of tonsil were subjected to variations to a standard fixation, processing, and section preparation schedule. The sections were stained with five antibodies-L26 (CD20), UCHL1 (CD45RO), CD3, vimentin, and antikappa light chain-using the streptavidinbiotin immunostaining technique. When further investigation was necessary, other tissues and antibodies were used and where weak immunostaining was obtained the use of microwave pretreatment to improve staining was tested. Results-Several factors involved in fixation were found to affect immunoreactivity. These included the duration, pH, and type of fixative used. In tissue processing only temperature and the duration of the dehydration and wax infiltration steps affected immunoreactivity. Of all the factors investigated, the temperature and duration of the section drying had the greatest effect. In contrast, long term storage of cut sections before immunostaining had no effect on the reactivity of the antibodies tested. Antibodies were found to be affected by alterations to tissue preparation by varying degrees, UCHL1 and vimentin being the most susceptible to changes in fixation and L26 to changes in processing. Where weak staining occurred, microwave pretreatment was generally found to eliminate-the problem. Conclusions-There is no standard tissue preparation schedule for the optimal demonstration of all antigens. Factors involved in all aspects of tissue preparation can affect immunoreactivity, so it is important that precise details of the preparation schedule are given when reporting immunocytochemical studies, rather than using the general term "routinely fixed and processed". ( Clin Pathol 1997;50:422-428) 
Abstract Aims-To investigate the effect of tissue preparation on immunostaining and to establish whether there is a standard tissue preparation schedule that allows optimal demonstration of all antigens. Methods-Blocks of tonsil were subjected to variations to a standard fixation, processing, and section preparation schedule. The sections were stained with five antibodies-L26 (CD20), UCHL1 (CD45RO), CD3, vimentin, and antikappa light chain-using the streptavidinbiotin immunostaining technique. When further investigation was necessary, other tissues and antibodies were used and where weak immunostaining was obtained the use of microwave pretreatment to improve staining was tested. Results-Several factors involved in fixation were found to affect immunoreactivity. These included the duration, pH, and type of fixative used. In tissue processing only temperature and the duration of the dehydration and wax infiltration steps affected immunoreactivity. Of all the factors investigated, the temperature and duration of the section drying had the greatest effect. In contrast, long term storage of cut sections before immunostaining had no effect on the reactivity of the antibodies tested. Antibodies were found to be affected by alterations to tissue preparation by varying degrees, UCHL1 and vimentin being the most susceptible to changes in fixation and L26 to changes in processing. Where weak staining occurred, microwave pretreatment was generally found to eliminate-the problem. Conclusions-There is no standard tissue preparation schedule for the optimal demonstration of all antigens. Factors involved in all aspects of tissue preparation can affect immunoreactivity, so it is important that precise details of the preparation schedule are given when reporting immunocytochemical studies, rather than using the general term "routinely fixed and processed". The most common cause of poor immunostaining in paraffin wax embedded tissue is not the technique itself but the alteration of the antigenic sites by the initial process of tissue preparation' which incorporates fixation, processing, and the preparation of the tissue sections. The establishment of a tissue preparation schedule for optimal immunostaining of all antigens has been a problem since immunocytochemical staining of paraffin embedded tissue was first developed.2 Since that time several studies have been undertaken to investigate this problem, although these have mainly been concerned with fixation rather than with tissue processing or section preparation.
Tissue fixation has a significant influence on immunostaining as most antigens are altered during the process. Fixation involves a number of variables including the type, concentration, pH, and osmolarity of the fixative, and the duration and temperature of the fixation process; all of which can affect immunocytochemistry. Other factors reported to affect fixation and therefore possibly immunoreactivity are the volume of fixative,3 delayed fixation,4 or secondary fixation by alcohol-either during fixation by methanol which is added as a preservative to commercially prepared formalin9 or in alcohol during processing if fixation is incomplete.'0-13
In contrast to the number of studies on the effect of fixation on immunoreactivity, investigations into the effect of tissue processing have been limited; weak immunostaining because of poor tissue preparation being blamed on inadequate fixation rather than on other aspects of tissue preparation. It was reported in the late 1980s, shortly after the development of the enclosed tissue processor, that the use of this system could cause problems with both tissue and antigen preservation. This was either through carryover of reagents from one step to the next, in particular xylene from the wax cleansing cycle at the end of the programme into the first step of the cycle, [14] [15] [16] fig 4) also significantly affected the immunoreactivity of some of the antigens. UCHL1 and vimentin were particularly susceptible to both longer fixation times and higher pH. In contrast, the demonstration of both kappa and CD3 improved with increasing fixation times but was less affected by changing the pH.
The other fixation factors tested-delay before fixation, volume of fixative, and the of formalin, length of clearing stage, and the number and position of the tissue in the carrier-had any effect.
SECTION PREPARATION
The temperature and duration of section drying was found to affect immunoreactivity of several of the antibodies tested (table 8; figs 6  and 7 ). In contrast with section drying it was found that, with the exception of desmin, the immunoreactivity of all antigens was unaffected in sections stored at room temperature or at +40C for up to six months after cutting. Tissue preparation for immunocytochemistry of tissue type and composition and for the day to day working of the laboratory, a fixation time of between 12 and 24 hours is recommended.
The pH of formalin affected different antigens to varying degrees. A highly acidic formalin of pH 3.0 produced the best immunostaining but in our experience at the expense of morphology. The use of formalin at pH 5.0 is therefore recommended giving good morphology and immunoreactivity.
Generally the other factors involved in fixation had little effect on the intensity of immunostaining provided that the recommended type, time, and pH of fixative were used.
Of the nine tissue processing factors investigated, only two had any significant effect on immunoreactivity. Increasing the temperature of processing from ambient to 45°C, and longer processing times for dehydration and wax infiltration were both found to improve immunostaining. It is therefore recommended that wherever possible longer processing times at higher temperatures should be used, and the use of a short daytime schedule should be avoided for immunocytochemical studies. We found no effect of varying the other tissue processing factors, including the type of processor, type and quality of reagents, time in clearing agent, and use of vacuum, most of which have been suggested as possible causes of poor processing. 1""17 19 The conditions of section preparation have mainly been ignored, but we have shown that one of the fundamental steps of section preparation-section drying-can have a significant effect on immunoreactivity. It is recommended that sections, regardless of the antigen to be demonstrated, should be dried overnight at 37°C. If they are required more rapidly, then drying at 60°C for up to four hours is acceptable, particularly if followed by microwave pretreatment. The use of a hotplate (70°C) for section drying should be avoided as the staining with several of the antibodies tested was reduced and could not be improved by microwave pretreatment. In contrast to the findings of others,>"" this study has shown that with the exception of desmin (clone D33) all antibodies stained strongly in sections cut and stored for up to six months at either room temperature or +4°C.
It has been stated that heat pretreatment enhances immunoreactivity and evens out irregular staining due to inadequate tissue fixation or processing,2 34 and this is supported by the findings of this study. It should be noted that microwave pretreatment does not always J4.
A,rtc group.bmj.com on July 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from overcome the problem-for example, after the use of high section drying temperatures. It is therefore suggested that "prevention is better than a cure", in that it is preferable to minimise the chance of weak staining by using an optimised fixation and processing schedule rather than producing sections which have to be heat pretreated for immunostaining to be achieved.
Several of our findings are contrary to those reported by others and this can be explained by the variable response of different antigens to the effects of tissue preparation. We therefore conclude that there is no standard universal tissue preparation schedule for the optimal demonstration of all antigens, although the immunostaining of the majority of antigens can be optimised by following the recommendations given in this report.
The results of this study have shown the importance of resisting the pressure for shorter preparation times for tissue requiring immunocytochemistry, as increased processing and section drying times enhances immunoreactivity. The results have also emphasised the importance of including precise details of tissue preparation when reporting immunocytochemical findings rather than using the commonly used term "routinely fixed and processed."
